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The aim of the present study was to examine the morphology of root canals in
premolar teeth with completely formed root apices. The material consisted of
139 extracted premolar teeth, including 83 first premolars (59.7%) and
56 second premolars (40.3%). Maxillary teeth made up 64% of the material and
mandibular teeth 36%. In order to measure the actual root canal length an
endodontic instrument was inserted into the root canal (in teeth with a single
root canal this was instrument no. 25 and in teeth with two or three root
canals no. 20) until its tip was visible in the anatomical foramen. The silicone
limit was fixed at a reference point on the dental crown, and after removal of
the instrument the real length was read using an endodontic ruler. The results
were presented using descriptive statistical measures (mean, maximum, mini-
mum, median value and quartiles). In order to compare mean values of root
canal lengths the z test was used. Of the first maxillary premolars, 91% had
two root canals and 9% had three root canals. As far as the second upper
premolars are concerned, 14.7% were teeth with single root canals while as
many as 85.3% were teeth with two root canals. The majority of the first lower
premolars (89.3%) had one root canal and 10.7% of these teeth had two root
canals. Most of the second lower premolars (68.2%) had a single root canal,
while the remaining 31.8% had two root canals. None of the mandibular pre-
molars examined had three root canals. (Folia Morphol 2008; 67: 280–285)
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INTRODUCTION
Correct diagnosis of root morphology and prop-
er determination of the working length of root ca-
nals are of utmost importance in the endodontic
treatment of teeth and have a considerable impact
on the success of this treatment [1, 3, 4, 15, 18]. All
root canals must be tightly sealed in order to elimi-
nate the possibility of bacterial growth in the un-
filled spaces, which usually compromises the result
of an endodontic procedure and leads to the devel-
opment of periapical inflammatory lesions [3, 4].
The majority of dental roots have one root ca-
nal. Only in mesial roots of the lower molars there
are generally two root canals. If during dental de-
velopment the epithelial sheath of Hertwig is dis-
rupted or folded, supernumerary roots and acces-
sory root canals may be formed. Odontogenesis is
overall very sensitive to numerous exogenic and en-
dogenic factors, such as diet and fluoride intake,
that may modify tooth-bud growth in maturation,
thus resulting in anatomical variations in dental mor-
phology [10–12]. However, there have been many
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conflicting observations. For example, according to
Glenn et al. [8], the development of enamel organ
and dental papilla was more advanced in human foe-
tuses whose pregnant mothers took fluoride tablets
than in controls. On the other hand Appleton [2] stat-
ed that a fluoridated diet in weaning rats caused
a high degree of irregularity in the predentine and
unmineralised spaces in the dentine. On the other
hand Maciejewska and Adamowicz-Klepalska [10, 11]
observed no disturbances in the predentine as a result
of a high concentration of natrium fluoride in drink-
ing water.
The deposition of secondary dentine may lead
to changes in root canals after the end of their de-
velopment. The shape and dimensions of already
formed root canals may change; the pulp cavity is
then reduced, pulp horns recede and root canals
become narrowed. On the other hand the superpo-
sition of cementum on the dental apex leads to nar-
rowing of the apical foramen as well as of the ana-
tomical foramen [4, 17].
According to Weine et al. [18] there are different
configurations of canals in a single dental root:
— type I: a single root canal ending with an apical
foramen;
— type II: two root canals ending with a single api-
cal foramen;
— type III: two root canals ending with two sepa-
rate apical foramina;
— type IV: one root canal, which after furcation,
ends with two apical foramina.
Yoshioka et al. [19] supplemented this classifi-
cation with type V to describe a root with more than
two root canals.
Apart from the main root canal (ending with an
anatomical foramen) lateral and accessory canals are
also encountered. The lateral canals originate from
the main root canal and terminate in dentine with
a dead end or with an accessory foramen in the pe-
riodontal membrane. Accessory canals stem from
the pulp chamber and terminate in an accessory fora-
men in the periodontal membrane at different lev-
els of the root [3, 4, 19]. The appearance of super-
numerary root canals following deposition of second-
ary dentine is observed mostly in root canals that are
tapered in the midline, and their shapes resemble
a “biscuit” (with an isthmus in the middle). Deposits
of dentine located in the area of the isthmus may
partially or totally divide a single root canal into two
separate canals, ending in a common apical foramen
or two different apical foramina [4].
The aim of the present study was to examine the
morphology of root canals in premolar teeth with
completely formed root apices.
MATERIAL AND METHODS
The material consisted of 139 extracted premo-
lar teeth, including 83 first premolars (59.7%) and
56 second premolars (40.3%). All the teeth studied
were collected from Polish patients of Caucasian
origin. Maxillary teeth made up 64% of the material
and mandibular teeth 36%. The distribution of the
teeth studied according to their localisation in quad-
rants is presented in Table 1, while the distribution,
with the localisation and the number of the teeth
taken into account, is shown in Table 2.
After the extraction, tooth number, the age and
gender of the patient and the indications for extraction
Table 1. The distribution of the examined teeth
according to localisation
Quadrant              Number of teeth           Percentage (%)
1 Maxilla 42 89 30.2 64.0
2 47 33.8
3 Mandible 25 50 18.0 36.0
4 25 18.0
Total 139 100.0
Quadrant 1 — upper right; Quadrant 2 — upper left; Quadrant 3 — lower left;
Quadrant 4 — lower right
Table 2. The distribution of the examined teeth according to the localisation in the dental arch and tooth type
Quadrant Tooth type Total
First premolars Second premolars
1 Maxilla 31 55 11 34 42 89
2 24 23 47
3 Mandible 15 28 10 22 25 50
4 13 12 25
Total 83 56 139
Quadrant 1 — upper right; Quadrant 2 — upper left; Quadrant 3 — lower left; Quadrant 4 — lower right
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were noted for each tooth. The majority of the teeth
were extracted because of orthodontic indications
and only some were extracted because of disease of
the pulp, periodontal disease or for prosthetic rea-
sons. After extraction the teeth were stored in
a physiological saline solution. All the teeth qualified
for the present study had a preserved clinical crown
and completely formed apices.
In order to measure the actual root canal length
an endodontic instrument was inserted into the root
canal until its tip was visible in the anatomical fora-
men. In teeth with a single root canal this was in-
strument no. 25 and in teeth with two or three root
canals it was no. 20. The silicone limit was fixed on
a reference point on the dental crown, and after re-
moval of the instrument the real length was read
using an endodontic ruler.
The results were presented using descriptive sta-
tistical measures (mean, maximum, minimum, me-
dian value and quartiles). In order to compare the
mean values of root canal lengths the z test was
used.
RESULTS
Of the teeth examined a majority, 89 (64.0%),
were teeth with two root canals. There were 45 teeth
with a single root canal (32.4%). In contrast, only
5 teeth (3%) had three root canals (Table 3).
The prevalence of two root canals was high in
both the first premolars (53 teeth, 38.1%) and the
second premolars (36 teeth, 25.9%). Three root ca-
nals were detected only in first premolars (3.6 teeth,
5%) (Table 3).
Teeth with two root canals were more frequent
in the maxilla (the upper left quadrant (41 teeth,
29.5%) and the upper right quadrant (38 teeth,
27.3%). In the mandible premolars with a single root
canal were more common. All the teeth with three
root canals were located in the maxilla (Table 4).
Mean root canal length in teeth with single roots
was 21.22 ± 2.29 mm (Fig. 1); in buccal canals of teeth
with two root canals it amounted to 20.96 ± 1.62 mm
(Fig. 2) and the palatal/lingual canals measured on av-
erage 19.95 ± 1.8 mm (Fig. 3). Similarly, minimum,
median and maximum values were also the highest for
the root canals of teeth with single roots and the low-
est for palatal/lingual canals of teeth with two or three
root canals. A detailed distribution of root canal lengths
is presented in Table 5. There was no statistically signif-
icant difference between root canal lengths of teeth
Table 3. The distribution of the examined teeth
according to tooth type and the number of root canals
Tooth type                         No. of root canals Total
1 2 3
First premolar 25 53 5 83
Second premolar 20 36 0 56
Total 45 89 5 139
Table 4. The distribution of the examined teeth according to localisation in the dental arch and the number of root
canals
Quadrant                                                                           Number of root canals Total
1 2 3
1 Maxilla 2 5 38 79 2 5 42 89
2 3 41 3 47
3 Mandible 19 40 6 10 0 0 25 50
4 21 4 0 25
Total 45 89 5 139
Quadrant 1 — upper right; Quadrant 2 — upper left; Quadrant 3 — lower left; Quadrant 4 — lower right
Figure 1. Histogram of root canal length of teeth with single root
canals.
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with single root canals and buccal canals of teeth with
two root canals (p = 0.4486 > 0.05). Palatal/lingual
root canals were shorter than root canals of single teeth
and buccal canals of teeth with two root canals. These
differences were statistically significant: p = 0.0005 <
< 0.05 and p = 0.0001 < 0.05, respectively.
DISCUSSION
The results of recent studies testify to the fact
that numerous deviations from the generally accept-
ed anatomical norms frequently occur [13]. Apart
from the main root canal, dental roots may possess
supernumerary root canals. There may be furcation
of the main root canal and root canals that occur
separately or even appear after the end of dental
development as a result of the deposition of sec-
ondary dentine [4]. If a supernumerary tooth is not
diagnosed, it may result in pain, inflammatory peri-
apical lesions or other complications [15].
Authors have differed in their assessment of the
prevalence of supernumerary roots in different types
of teeth. In the literature discrepancies related to
Table 5. Basic characteristics of the measurements of root canal lengths
Characteristics Type of root canal
Root canals of teeth Buccal canals of teeth Palatal/lingual canals of teeth
with single root canals with two root canals with two or three root canals
Number of teeth 45 89 94
Mean depth 21.22 20.96 19.95
Standard deviation 2.29 1.62 1.80
Minimum 17.00 18.00 15.00
Lower quartile (25%) 19.80 19.80 18.50
Median value (50%) 21.50 21.00 20.00
Upper quartile (75%) 22.50 22.00 21.00
Maximum 30.00 26.00 25.00
Figure 2. Histogram of lengths of buccal root canals of teeth with
two root canals.
Figure 3. Histogram of lengths of palatal/lingual root canals of
teeth with two and three root canals.
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the lower incisors and molars are mainly described [16].
Our own observations have led to the expectation
of supernumerary root canals if the root canal aper-
ture is not located centrally in the pulp cavity.
The lower incisors are commonly believed to be
teeth with a single root canal. In fact 75% have
a single root canal and 24% two root canals [4].
According to Bardelli et al. [5] two root canals occur
in 29% of central incisors. According to Japanese
endodontists, about 12.5% of these teeth have two
root canals [13].
The roots of the lateral incisors are usually flat-
tened in the mesiodistal direction, which results in
the pulp chamber being oval in shape. This anato-
my often determines an increase in the number of
root canals, and about 60% of these teeth have one
canal with the remaining 40% having two canals,
labial and lingual [3, 4]. According to Ahlstrand [1]
two root canals occur in only 20% of cases.
The first upper molar normally has three root ca-
nals (mesial buccal, distal buccal and palatal). An ac-
cessory root canal is usually found in the mesial buc-
cal root. According to the literature, the prevalence
of this root canal varies from 5 to 56% [3, 4, 16].
The first and second lower molars are teeth with
three root canals (two mesial canals — a buccal and
a lingual one — as well as a distal one). The super-
numerary canals in general occur in a distal root [3].
Four root canals may be found in the first lower
molar in 25–29% of cases [4]. The discrepancies are
higher for the second lower molar, as the prevalence
of four root canals is estimated to range from 7% to
42% of cases [4]. The cross-sections of the root ca-
nals of molars can be divided into one round canal,
one oval canal, one elongated canal and one elon-
gated canal with an isthmus [7].
The third molars are often retained and impact-
ed, while their morphology and localisation are very
variable [14]. Supernumerary molars may also assume
different shapes, from normal morphology to teeth
that are rudimentary in shape and smaller in size [6].
The crown and pulp cavity of maxillary premo-
lars is flattened in the mesiodistal direction. The
tooth has two cusps (palatal and buccal) and two
corresponding pulp horns, the buccal horn being
located higher than the palatal. The pulp cavity has
a narrowing in the middle part, which results in
a shape similar to a biscuit on the transversal cross-
section. In 80% of cases the first maxillary premo-
lars have two roots, while in about 18% they have
only one root. Most often (95%) even in one root
they have two root canals, a palatal and a buccal,
the latter being generally thinner and more curved.
In 2% of cases the tooth has three roots and three
root canals, two buccal (mesial and distal) and one
palatal [3, 4]. The second maxillary premolar usually
has one root (85%) and one root canal. The shape
of the pulp cavity transversal cross-section is then
oval and the root canal aperture is located centrally.
In about 14% of cases the tooth has two roots and
two root canals (buccal and palatal) and if so, the
cross-section of the crown resembles a biscuit, as in
the first premolar. In about 1% of cases the tooth
has three roots and three root canals, buccal me-
sial, buccal distal and palatal [3, 4].
The shape of the crown of the mandibular pre-
molars is more circular. In almost 75% of cases the
first mandibular premolar has a single root with
a single root canal. However, furcation of the root
canal quite frequently occurs in the periapical area.
In about 25% of cases the first premolar has two
root canals (lingual and buccal), while in just 1% of
these teeth three canals may be found [3, 4].
The second mandibular premolar usually contains
two pulp horns, the buccal one located higher than
the lingual one. In the majority of cases (98%) a sin-
gle root with a single root canal (89%) is detected.
About 10% of these teeth have two canals, buccal
and lingual [3, 4].
In our own material, consisting of 139 premo-
lars, extracted mainly for orthodontic reasons (so
that the teeth were generally sound and all had in-
tact clinical crowns), the results were as follows:
— 91% of the first upper premolars had two root
canals and 9% had three root canals;
— of the second upper premolars, 14.7% were teeth
with single root canals; while as many as 85.3%
were teeth with two root canals;
— the majority of the first lower premolars (89.3%)
had a single root canal and 10.7% of these teeth
had two root canals;
— most of the second lower premolars had one root
canal (68.2%), while the remaining 31.8% had
two root canals.
In comparison with generally accepted anatomi-
cal norms [9], there was a much higher prevalence in
this material of two root canals in the second upper
premolars. In addition, the percentage of second low-
er premolars with two root canals was greater than
usually assumed. The differences observed are prob-
ably secondary to the high degree of anatomical vari-
ation between the populations examined.
Yoshioka et al. [19] also demonstrated the exist-
ence of considerable variety in the number and
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configuration of root canals of the first lower pre-
molars. According to this study 15.1% of these teeth
have two root canals and 4.3% more than two root
canals. In our own material there were no lower pre-
molars with three root canals. According to Duda et
al. [7] there is more than one root canal in about
30.7% of the first lower premolars.
CONCLUSIONS
1. Of the first maxillary premolars 91% had two
root canals and 9% three root canals.
2. As far as the second upper premolars are con-
cerned, 14.7% were teeth with single root canals
and as many as 85.3% teeth with two root canals.
3. The majority of the first lower premolars (89.3%)
had one root canal, and 10.7% of these teeth
had two root canals.
4. Most of the second lower premolars had a sin-
gle root canal (68.2%), while the remaining
31.8% had two root canals.
5. None of the mandibular premolars examined had
three root canals.
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